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Aflatoxins	 are	 noxious	 secondary	metabolites,	 of	 certain	 fungal	 species,	 found	 in	
food	and	feed.	Contamination	of	a	commodity	with	aflatoxins	is	associated	with	pro-
duction	and	 storage	 losses,	 and	 subsequently	 less	 food	availability.	Aflatoxins	 can	
also	pose	human	health	risks	and	represent	a	barrier	to	the	development	of	trade,	in	


















duce	 health	 risk,	 avoid	 reduced	 production	 in	 livestock,	 and	 open	 up	 export	
markets.
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1  | INTRODUC TION
Nutritional	 security	 is	 effectively	 achieved	 when	 all	 people	 at	 all	
times	consume	food	of	 sufficient	quantity	and	quality,	 in	 terms	of	
variety,	diversity,	nutrient	content,	and	safety,	to	meet	their	dietary	
needs	and	food	preferences	for	an	active	and	a	healthy	 life	 (FAO/


















cause	 acute	 health	 effects	 such	 as	 vomiting,	 abdominal	 pain,	 and	
even	possible	death	(Probst,	Njapau,	&	Cotty,	2007;	Sherif,	Salama,	
&	Abdel-	Wahhab,	2009),	while	sublethal	chronic	exposure	may	lead	








Williams	et	al.	 (2004)	estimated	that	over	5	billion	people	 living	 in	
low-	income	countries	are	at	risk	of	chronic	exposure	to	aflatoxins.
The	 incidence	 of	 aflatoxin	 contamination	 in	 major	 food	 crops	
such	as	maize,	groundnut,	sorghum,	tree	nuts,	and	dried	fruits	and	
spices	 as	 well	 as	 milk	 and	 meat	 products	 is	 widespread	 in	 warm	
climates	 (CAST	 2003;	 Chala	 et	al.	 2014;	Mutegi,	 Ngugi,	 Hendriks,	
&	 Jones,	 2009;	Perrone	 et	al.,	 2014;	Williams	 et	al.,	 2004).	 In	 ani-
mals,	aflatoxins	may	lower	resistance	to	diseases,	interrupt	vaccine-	
induced	 immunity,	 and	 adversely	 affect	 growth	 and	 reproduction,	
causing	serious	economic	losses	(CAST	2003;	Fink-	Gremmels,	1999).	
When	animal	feeds	are	infected	with	aflatoxin-	producing	fungi,	af-
latoxins	are	 introduced	 into	animal	 source	 food	chains	and	can	be	
converted	to	M-	type	aflatoxins	(De	Ruyck,	De	Boevre,	Huybrechts,	
&	 De	 Saeger,	 2015;	 Iqbal,	 Jinap,	 Pirouz,	 &	 Ahmad	 Faizal,	 2015).	
Infection	and	production	of	aflatoxins	by	ubiquitous,	air-	borne,	and	
soil-	inhabiting	species	of	fungi	begin	at	preharvest	stages	and	may	




























the	 samples	 were	 collected	 from	 five	 villages	 in	 Gitega	 province	
(Gishora,	 Ruhanza,	 Tuba-	Murayi,	 Kobero,	 and	 Nyamuhogoti)	 and	
eleven	 villages	 in	Cibitoke	 province	 (Rukana,	Munyika,	Mparambo	
I,	 Mparambo	 II,	 Rusigabangazi,	 Kanazi,	 Murambi,	 Gasenyi	 rural,	
Ruhagarika,	 Kansege,	 and	 Kaburantwa).	 The	 samples	 from	 the	
DRC	were	collected	from	five	villages	 in	Kabare	district	 (Murhesa,	
Mudaka,	Miti	Centre,	Kavumu,	and	Katana),	Bukavu	town	and	five	
villages	 in	 Uvira	 district	 (Kamanyola	 centre,	 Katogota,	 Luberizi,	
Sange,	and	Bwegera)	of	Eastern	DRC.	These	areas	were	contrasted	
by	 altitude,	 average	 temperature,	 and	 rainfall.	 Gitega	 province	 of	







For	 each	 sample,	 1	kg	 of	 the	 commodity	was	 bought	 and	 col-
lected	from	different	parts	of	the	seller’s	container	and	thoroughly	
mixed,	while	1	L	of	milk	and	yoghurt	was	purchased	as	sellers	pre-
pared	 in	 plastic	 bottle.	 The	 sellers	 were	 randomly	 selected	 from	
each	market,	and	the	type	of	samples	was	collected	depending	on	
available	 samples	 from	each	 seller.	After	 collection,	 samples	were	
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the	moisture	 content	 was	 calculated	 using	 the	 following	 formula:	
[(original	weight	of	sample	–	weight	of	sample	after	drying)/original	
weight	of	sample]	*100.
2.2.2 | Analysis of aflatoxins in grains
For	each	 sample	except	 flour,	 200	g	was	ground	 into	 fine	powder	
using	a	 laboratory	blender	 (model	37BL85;	Dynamics	Corporation	
of	 America,	 USA).	 Approximately	 10	g	 ground	 sample	 was	 added	
to	50	ml	65%	ethanol	 (v/v)	 in	a	100	ml	media	bottle.	The	resulting	
















2.2.3 | Analysis of aflatoxins in milk and 
dairy products





bath	and	 then	 centrifuged	at	10°C	with	3500	g	 for	10	min	 (model	
TDL-	5-	A;	Lab	companion,	Korea).	After	discarding	the	upper	cream	








lected.	Prior	 aflatoxin-	M1	 determination,	100	μl	 of	 this	methanolic	
phase	was	diluted	with	PBS	to	achieve	a	dilution	of	1:5.
Assay	 procedure	was	 followed	 according	 to	 the	 protocol	 pro-
vided	by	RIDASCREEBN®	Aflatoxin-	M1	(R-	Biopharm	AG,	Darmstadt,	
Germany).	Briefly,	100	μl	solutions	from	the	mixing	wells	were	trans-








each	well,	 incubated	 for	 15	min	 at	 room	 temperature	 in	 the	 dark,	







whereas	 the	higher	concentrations	were	 in	 the	 range	of	0.1–2.0	mg/L.	
Samples	that	were	beyond	the	range	of	the	highest	standard	concentra-
tion	were	diluted,	and	the	ELISA	experiments	were	repeated.
2.2.4 | Total aflatoxin and aflatoxin- M1 validation
To	 test	 the	 sensitivity	 of	 the	method,	 the	 total	 aflatoxin	 standard	
solution	at	two	different	concentrations	was	added	to	the	all	sam-
ples.	The	extraction	and	 the	 recovery	of	 the	spiked	samples	were	
performed	 as	 previously	 described,	 in	 duplicate.	 The	 validation	 of	
Reveal	Q+	 and	 ELISA	methods	was	 carried	 out	with	 the	 determi-
nation	of	 the	 recoveries	 and	 the	 coefficient	 of	 variation	 (%CV)	 as	
presented	in	Table	1.
3  | RESULTS AND DISCUSSION


















ranged	 from	 1.3	 to	 2,410.0	μg/kg.	 Nowadays,	 the	 EU	 has	 set	 the	
strictest	 standards,	 such	 that	 any	 products	 for	 direct	 human	 con-











maximum	 permissible	 limit	 (4	μg/kg)	 for	 total	 aflatoxins	 in	maize	
intended	 for	 human	 consumption	 (EC	 2007;	 EC	 2010).	 As	 other	
countries	found	within	the	tropics,	aflatoxin	contamination	in	food	
commodities	 from	 Burundi	 and	 Eastern	 DRC	 can	 be	 attributed	
to	 high	 temperatures	 and	 drought	 conditions	 driven	 by	 climate	
change,	resulting	in	crop	stress	which	favors	A. flavus infection in 
the	 production	 field	 and	 proliferation	 during	 postharvest	 period	
(Bandyopadhyay	 et	al.,	 2016;	 Kamika,	 Koto-	te-	Nyiwa,	 &	 Tekere,	
2016;	 Kamika	 &	 Takoy,	 2011;	 Paterson	 &	 Lima,	 2010;	 Schmidt-	
Heydt,	Abdel-	Hadi,	Magan,	&	Geisen,	2009).	 In	addition,	high	af-
latoxin	 contamination	 levels	 can	 be	 compounded	 by	 other	 farm	
practice	factors,	including	poor	weeding,	infertile	soils	particularly	
in	Burundi,	poor	crop	rotation,	high	planting	densities,	and	delayed	
time	of	 harvesting.	 The	poor	 storage	of	 agricultural	 produce	 can	
also	lead	to	accelerated	aflatoxin	contamination	as	a	result	of	pro-
liferation	of	aflatoxin-	producing	fungi.	This	has	been	demonstrated	
by	 many	 authors	 (Azziz-	Baumgartner	 et	al.,	 2005;	 Mwalwayo	 &	
Thole,	2016).	Some	socioeconomic	factors	may	also	contribute	to	
aflatoxins	 contamination,	 including	 informal	 marketing	 systems,	
inadequate	 transportation	 modes,	 unavailability	 of	 needed	 ma-
terials,	 tools,	 and	 equipment,	 lack	 of	 information	 and	 knowledge	
on	appropriate	pre-	and	postharvest	managements,	and	poor	gov-
ernmental	 regulations	 and	 legislations.	Moreover,	 some	 of	 these	















Dried root 2.0 80.2 3.0
10.0 82.3 3.7
Flour 2.0 85.7 2.9
10.0 87.6 5.1









Grain 2.0 93.6 2.1
10.0 90.8 3.6
Flour 2.0 84.3 4.3
10.0 90.1 2.4
Sorghum
Grain 2.0 83.4 1.7
10.0 85.2 2.5
Flour 2.0 80.5 3.3
10.0 87.7 4.7
Germéb 2.0 78.9 2.6
10.0 77.6 4.1
Beans
Grains 2.0 82.8 3.9
10.0 88.1 1.6
Soybean
Grains 2.0 83.2 3.2
10.0 84.6 5.5
Flour 2.0 85.0 4.1
10.0 88.5 3.6
Groundnut
Grain 2.0 90.4 1.3
10.0 92.6 3.2
Roasted 2.0 88.5 2.4
10.0 83.9 1.8
Flour 2.0 87.2 1.1
10.0 86.1 2.4
Milk
Fresh	milk 0.5 91.5 1.7
1.0 101.2 1.1
Yogurt 0.5 95.4 2.8
1.0 98.5 4.2
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are	also	common	occurrence.	It	is	therefore	not	surprising	that	af-
latoxin	contamination	was	detected	in	all	of	the	samples	collected	












low	 contamination	 by	 aflatoxins	 in	 cassava	 are	 reported	 in	Ghana	
(Wareing,	Westby,	Gibbs,	Allotey,	&	Halm,	2001),	Republic	of	Benin	
(Adjovi	 et	al.,	 2014;	 Gnonlonfin	 et	al.,	 2012)	 and	 Tanzania	 (Sulyok	





block	 toxinogenesis,	 leading	 to	 secondary	 contamination.	Another	
possible	explanation	associated	with	this	observation	is	that	the	ef-
fect	of	fermentation	process	generally	employed	in	the	processing	
of	 cassava	 into	 dried	 cassava,	 cassava	 flour,	 and	 ubuswage favors 
the	growth	of	lactic	acid	bacteria	(LAB)	or	some	microorganisms	like	







Hald,	&	 Jespersen,	2007).	Moreover,	 the	MC	of	 cassava	has	been	
shown	 to	 influence	 the	 shelf	 life	 of	 samples	 rather	 than	 aflatoxin	
occurrence.
3.2.2 | Maize












more than 20 μg/kg	 of	 aflatoxins	 in	maize	 kernels	 from	Uganda	
after	 6	months	 of	 storage,	while	 very	 high	 content	 of	 aflatoxins	
in	homegrown	maize	was	found	in	Kenya	when	compared	to	pur-
chased	or	relief	maize	(Daniel	et	al.,	2011).	Lewis	et	al.	 (2005)	in-
dicated	 that	 the	 contaminated	homegrown	maize	may	 represent	











Moisture content (g 100/g w.b.)
Burundi Eastern DRC
Cassava
Dried root 14.95 ± 1.23 –






Grain 11.21 ± 1.49 11.92	±	1.26
Flour 10.36	±	1.34 10.58 ± 1.28
Sorghum




Grain 11.52 ± 1.03 11.85 ± 1.30
Soybean





Flour 6.52	±	0.63 5.52 ± 1.04
Milk
Fresh	milk 89.25 ± 1.41 89.12 ± 1.35
Yogurt 88.02 ± 1.25 87.72	±	1.47
Cheese – 79.34	±	1.08
Notes.	Value	is	the	mean	±	SD.
aUbuswage	 is	 the	traditional	cassava	product	 in	Central	African	region.	
bGerme	is	the	germinated	sorghum	for	beer	processing.	
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between	2.5	 and	490.0	μg/kg.	Additionally,	 total	 aflatoxins	 ex-
ceeded	 the	 regulatory	 levels	 for	 direct	 human	 consumption	 as	
set	 by	 the	 EU	 in	 84.6%	 of	 the	 sorghum	 samples.	 The	 levels	 of	
aflatoxin	 contaminations	may	 also	 be	 associated	with	 the	 poor	
pre-	 and	 postharvest	 practices	 as	well	 as	 processing	methods.	
Sorghum,	 in	particular,	 is	used	as	a	malted	grain	 (germé)	 in	beer	
production	 in	 Burundi.	 The	 traditional	 processing	 technique,	
which	 involves	 the	 use	 of	 Enterobacteruaceae	 and	 molds,	 may	
cause	 aflatoxin	 contamination	 in	 germé	 (Bationo	 et	al.,	 2015).	
Although	 zearalenone	 is	 reported	 as	 the	 most	 common	myco-
toxin	found	in	sorghum	(Chala	et	al.,	2014),	high	levels	of	aflatox-
ins,	ranging	340–476	μg/kg,	were	also	found	in	malted	sorghum	
(Matumba,	 Monjerezi,	 Khonga,	 &	 Lakudzala,	 2011).	 Another	
study	by	Ayalew,	Fehmann,	Lepschy,	Beck,	and	Abate	(2006)	re-
ported	 that	 about	 6%	 of	 field	 samples	 of	 sorghum	 in	 Ethiopia	
are	 contaminated	 with	 aflatoxin-	B1	 up	 to	 26	μg/kg,	 whereas	
Bandyopadhyay,	Kumar,	and	Leslie	(2007)	found	that	5%	of	sor-









Badiale-	Furlong	 (2013)	 also	 mentioned	 that	 the	 synergistic	 ef-
fect	of	different	compounds	in	beans	can	contribute	to	a	defense	










aflatoxin	 contamination	 in	 soybean.	One	 of	 the	 initial	 studies	 as-
sociated	this	phenomenon	to	the	zinc	binding	ability	of	phytate	in	
soybean,	 as	 it	 is	 an	 important	 intermediate	 substrate	 of	 aflatoxin	
biosynthesis	(Gupta	&	Venkitasubramanian,	1975).	However,	Ehrlich	
and	 Ciegler	 (1985)	 showed	 that	 phytate	 level	 does	 not	 influence	
aflatoxin	 biosynthesis.	 Burow,	 Nesbitt,	 Dunlap,	 and	 Keller	 (1997)	
hypothesized	 that	 lipoxygenase	 in	 soybean	 can	 produce	 hydroxyl	
fatty	 acids	which	are	 capable	of	 inhibiting	aflatoxin	production	 in	
A. parasiticus.	With	regard	to	aflatoxin	inhibition,	Mellon	and	Cotty	
(2002)	 reported	 that	 soybean	 grains	with	 lipoxygenase	might	 not	
deter	increased	seed	pathogen	susceptibility,	but	seed	coat	integrity	








found	 in	groundnut	 flour	 (2,410	μg/kg),	 followed	with	 roasted	
groundnut	(1,080	μg/kg)	and	dried	kernels	(29.3	μg/kg),	respec-
tively.	About	69.4%	of	the	groundnut	samples	exceeded	the	EU	





grains	 (Tables	2	 and	 3).	 Processed	 groundnut,	 often	 prepared	







to	 control.	 Groundnut	 is	 a	 preferred	 substrate	 for	 aflatoxin-	
producing	 fungi	 (Bankole,	 Schollenberger,	 &	 Drochner,	 2006;	
Ezekiel	et	al.,	2013;	Monyo	et	al.,	2012).	The	range	of	aflatoxin	
contamination	 in	groundnut	samples	 in	 this	study	was	compa-
rable	to	those	reported	from	local	vendors,	markets,	and	retail	
shops	 in	Nigeria	where	 aflatoxin-	B1	 detected	 in	 64.2%	 of	 dry	
roasted	 groundnut	 (Bankole,	 Ogunsanwo,	 &	 Eseigbe,	 2005).	






that	groundnut	samples	 from	 informal	markets	 in	Malawi	con-
tained	aflatoxins	up	to	47	times	as	compared	with	samples	des-
tined	as	export	goods.
3.3 | Occurrence of aflatoxin- M1 in milk and 
dairy products
Milk	 and	 dairy	 products	 are	 important	 for	 growth	 and	 develop-
ment	as	well	as	maintenance	of	good	health	in	humans,	especially	
babies	 and	 children.	 The	 occurrence	 of	 aflatoxin-	M1	 in	milk	 and	
its	 products	 collected	 in	 Burundi	 and	 Eastern	DRC	 is	 presented	
in	Tables	5	and	6.	According	to	the	EU	regulations,	the	maximum	
residue	 level	 of	 aflatoxin-	M1	 in	 raw	 milk	 and	 dairy	 products	 is	
50	ng/L,	while	this	level	based	on	USA	regulations	was	adjusted	to	
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500	ng/kg	 (Campagnollo	et	al.,	2016;	 Iqbal	et	al.,	2015;	Mulunda	
&	 Mike,	 2014).	 Aflatoxin-	M1	 was	 detected	 in	 all	 samples	 col-
lected	 for	 this	 study,	 with	 concentrations	 ranging	 between	 4.8	
and	 261.1	ng/kg.	 Among	 the	 13	 fresh	 milk	 samples	 analyzed,	 4	
(30.8%)	 contained	 aflatoxin-	M1	 above	 the	maximum	 permissible	
limit	of	50	ng/kg,	as	set	by	the	EU	for	raw	milk,	heat-	treated	milk,	
and	milk	 for	 the	manufacture	of	milk-	based	products	 (EC	2006).	





including	aflatoxin-	M1,	 in	 the	precipitate.	Montaseri	et	al.	 (2014)	
also	 referred	 to	 this	 behavior	 as	 the	 possible	 reason	 why	 LAB	
is	 capable	 of	 removing	 aflatoxin-	M1	 from	 yogurt.	 Furthermore,	
the	 low	concentration	of	aflatoxin-	M1	 in	yogurt	might	be	associ-
ated	with	 processing	 variables	 such	 as	 pH,	 formation	of	 organic	
acids,	or	other	fermented	by-	products	(Govaris,	Roussi,	Koidis,	&	
Botsoglou,	2002).
Four	 out	 of	 five	 (80.0%)	 cheese	 samples	 had	 concentration	
of	 aflatoxin-	M1	 below	 the	 EU	maximum	 limit	 of	 250	ng/kg.	 The	
contamination	of	aflatoxin-	M1	in	these	samples	can	be	attributed	
to	 the	 intake	 of	 aflatoxigenic	mold	 contaminated	 feeds	 by	milk-	
producing	 animals.	 Variability	 of	 aflatoxin-	M1	 in	 milk	 and	 dairy	
products	is	influenced	by	several	factors	such	as	geographical	re-
gion,	 seasons,	 type	and	quality	of	 feed,	 feed	storage	conditions,	











while	 8.0%	 of	 milk	 samples	 in	 Ethiopia	 contained	 aflatoxin-	M1 
TABLE  4 Levela	of	total	aflatoxins	contamination	in	dried	foods	marketed	in	Burundi	and	Eastern	DRC
Category
Burundi Eastern DRC Overall
<4 μg/kg 4–10 μg/kg >10 μg/kg <4 μg/kg 4–10 μg/kg >10 μg/kg <4 μg/kg 4–10 μg/kg >10 μg/kg
Cassava
Dried root 7	(87.5)b 1	(12.5) 0 – – – 7	(87.5) 1	(12.5) 0
Flour 9	(90) 1	(10) 0 16	(88.9) 2	(11.1) 0 25	(89.3) 3	(10.7) 0
Ubuswagec 1	(50) 1	(50) 0 – – – 1	(50) 1	(50) 0
Bakery	products	
(bread,	cookies)
– – – 3	(100) 0 0 3	(100) 0 0
Maize
Grain 4	(40) 4	(40) 2	(20) 7	(77.8) 1	(11.1) 1	(11.1) 11	(57.9) 5	(26.3) 3	(15.8)
Flour 3	(30) 2	(20) 5	(50) 2	(22.2) 3	(33.3) 4	(44.5) 5	(26.3) 5	(26.3) 9	(47.4)
Sorghum
Grain 0 9	(75) 3	(25) 4	(36.4) 7	(63.6) 0 4	(17.4) 16	(69.6) 3	(13)
Flour 0 5	(100) 0 2	(25.0) 6	(75.0) 0 2	(15.4) 11	(84.6) 0
Germéd 0 3	(100) 0 – – – 0 3	(100) 0
Beans
Grain 14	(66.7) 7	(33.3) 0 8	(80) 2	(20) 0 22	(71) 9	(29) 0
Soybean
Grain 7	(87.5) 1	(12.5) 0 2	(66.7) 1	(33.3) 0 9	(81.8) 2	(18.2) 0
Flour 1	(20) 3	(60) 1	(20) 2	(50) 2	(50) 0 3	(33.3) 5	(55.6) 1	(11.1)
Groundnut
Dried 1	(14.3) 5	(71.4) 1	(14.3) 7	(77.8) 2	(22.2) 0 8	(50.0) 7	(43.8) 1	(6.2)
Roasted 0 3	(30) 7	(70) 7	(63.6) 4	(36.4) 0 7	(33.3) 7	(33.3) 7	(33.3)
Flour 0 0 10	(100) 0 0 2	(100) 0 0 12	(100)
Total 47	(38.8) 45	(37.2) 29	(24.0) 60	(61.9) 30	(30.9) 7	(7.2) 107	(49.1) 75	(34.4) 36	(16.5)
aThe	EU	permissible	level	and	the	WHO	advisory	level	for	total	AFs	are	4	and	10	μg/kg,	respectively,	for	foods	intended	for	direct	human	consumption.	
bThe	first	integer	is	the	number,	and	the	integer	in	parenthesis	is	the	percent	of	samples	containing	a	specified	level	of	aflatoxins.	cUbuswage is the 
traditional	cassava	product	in	Central	African	region.	dGerme	is	the	germinated	sorghum	for	beer	processing.	
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<5	ng/L	 (Gizachew	 et	al.,	 2016).	 In	 Iran,	 Feta	 cheese	 samples	
contained	 aflatoxin-	M1	 with	 concentration	 ranging	 from	 150	 to	
2,410	ng/kg	 (Kamkar,	 Karim,	 Aliabadi,	 &	 Khaksar,	 2008),	 whereas	






This	 first	 report	 on	 the	 incidence	 of	 aflatoxin	 contamination	 in	
agricultural	 products	 from	 local	markets	 in	 Burundi	 and	 Eastern	
DRC	 showed	 that	 of	 the	 244	 crops,	 milk,	 and	 their	 processed	
products	 sampled,	 the	 percentage	 of	 aflatoxin	 positive	 samples	
was	100%.	 In	addition,	50.9%	of	crop,	28.6%	of	milk	and	yogurt,	
and	20.0%	of	cheese	samples	had	aflatoxin	concentrations	higher	
than	 the	 regulatory	 limits	 set	by	 the	EU.	The	processed	 samples	
presented	higher	aflatoxin	contamination	when	compared	 to	un-





farmers	 and	 processors,	 to	 achieve	 significant	 reduction	 in	 afla-
toxin	contamination	in	agricultural	commodities.	This	can	increase	
food	 availability,	 accessibility,	 utilization,	 and	 stability,	 as	well	 as	










ing	 structures	need	 to	be	 studied	 further.	 To	 further	 strengthen	
the	 county’s	 efforts	 in	 abating	 contamination,	 risk	 assessments	
are	proposed	 in	order	 to	establish	country	 regulatory	 thresholds	
that	the	local	consumer	population	can	depend	on	and	which	can	
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